A case of cardioaortic fistula, due to rupture of an aneurysm of a sinus of Valsalva into the right ventricle, is described. This case was diagnosed in life and treated surgically one year later when the patient was admitted to hospital with bacterial endocarditis. The clinical features are discussed and the role of special methods of investigation in the diagnosis of the condition is defined. The importance of cardiac catheterization is stressed. The operative technique is described briefly. Following the patient's death from the uncontrolled infection an autopsy examination was carried out and the findings in the heart and small pulmonary vessels are given.
M ANY EXAMPLES of congenital aortic sinus aneurysms have been described since this cardiac anomaly was first recorded by Thurnaml. Morgan Jones and Langley,2 who described four cases and reviewed 23 others, considered that it was difficult to diagnose in life both the unruptured aneurysm and that which has given rise to a cardioaortic fistula and thought that it was almost certainly impossible to distinguish clinically a cardioaortic fistula from an aortopulmonary septal defect or even from a patent ductus arteriosus. They felt that the development of bacterial endocarditis ill a patient with no previous evidence of heart disease should suggest the possibility of an underlying unruptured congenital sinus aneurysm. Falholt and Thomsen3 have since shown that this lesion may be demonstrated in life by aortography. Yenning4 reported a case of cardioaortic fistula which had been recognised clinically but thought that the diagnosis was a matter of academic interest rather than of practieal importance. However, recent advances in cardiac surgery have made treatment of a cardioaortic fistula a possibility. The purpose of this paper is to describe such a case diagnosed in life by cardiac catheterization and subsequently treated by surgery.
CASE REPORT A girl, aged 17 years, was admitted in January, 1953, a pyrexia emergency. At the age of 9, a cardiac From The Regional Cardiovascular Centre, City General Hospital and The University Department of Medicine, Royal Hospital, Sheffield, England. 819 murmur was found during a routine school medical inspection. She was referred to one of us (J. W. B.) and on the basis of a continuous left parasternal murmur was diagnosed as a case of patent ductus arteriosus. At that time her general health was excellent, she was not breathless on exertion, had no cough and she continued synmptoimi free until two weeks before admission when she began to feel weak and shivery and complained of aching in her muscles. On admission she w-as pale and febrile (103 F.) and blood culture grew a streptococcus viridans sensitive to penicillin. She was treated by injection of 2 million units of penicillin daily for six weeks. After seven davs she was apvrexial and recovered without incident.
After treatment, the underlying cardiac lesion was investigated. On clinical examination the radial pulse was regular at 100 per minute and was collapsing. The blood pressure in the arms was 140/0 mm. Hg. Both femoral pulses were palpable. The jugular venous pressure was not raise(l. The apex beat was palpable in the fifth left intercostal space four inches to the left of the midline and the character of the cardiac impulse suggested left ventricular hypertrophv. There w-as no clinical evidence of pulmonary hypertension. On The Pulmonary Vessels. The elastic pulmonary arteries (> 1000 , in diameter) had no atheromatous deposits on the intima and there was no medial necrosis.
The muscular) pulmonary arteries (100 to 1000 ,g in diameter) were normal in appearance ( fig. 5 ). The thickness of the media was 10 per cent of the external diameter of the vessel and there was no subintimal proliferation of fibrous tissue. The adventitia was normal. The elastic membranes were thick.
The pulmonary arterioles (<100 gi in diameter) were abnormal ( fig. 5 ). This type of vessel normally has no media but consists solely of a single elastic membrane lying between intima and adventitia. In this case, however, all the arterioles were characterised by a thick media lying between thick elastic membranes and this abnormal media was present in arterioles with as small a diameter as 30 g.
The veins and venules were normal. There was no thrombosis in any type of pulmonary vessel.
DISCUSSON

Symptomatologly
Morgan Jones and Langley2 thought that patients with unruptured congenital aortic sinus aneurysms were characteristically free from symptoms until they developed subacute bacterial endocarditis. Such was the history of this patient. When investigated after treatment of her first attack of subacute bacterial endocarditis, she was found to have a cardioaortic fistula. It is impossible to say whether the fistula in this case had developed as a complication of the infection or was congenital in origin. The absence of any dramatic incident suggests that the fistula was congenital in origin rather than an acquired lesion. Rupture of hitherto silent aneurysms described by Eppinger5 and Venning4 has been characterized by sudden intense breathlessness associated with severe chest pain and vomiting. Howfever, the aneurysm may have ruptured during the first attack of endocarditis without the dramatic symptoms usually associated with this event and this is supported by the fact that the heart was of normal size at this time and then enlarged rapidly in the following year ( fig. 2) . The continuous murmur which was noted at the age of 9 years is of no diagnostic value since such murmurs have been noted in the unruptured congenital aortic sinus aneurysms3 as well as in patients with a cardioaortic fistula.
Signs
A high pulse pressure, a murmur, which is at times continuous and at other times "to and fro" in character and of maximum intensity in the fourth left intercostal space, cardiac enlargement and a cardiac impulse suggestive of left ventricular hypertrophy, as were observed in this case, are classical signs of a cardioaortic fistula. Edwards and co-workers6 described a continuous murmur maximum in the second left intercostal space in a case with a systemic blood pressure of 180/0-60 mm. Hg where a congenital aortic sinus aneurysm had ruptured into the right ventricle. Herson and Symons7 and Venning4 also noted continuous murmurs and high pulse pressures in patients with cardioaortic fistula opening into the right auricle but Hirschboek8 and Ml\Iacleod9 observed only systolic and diastolic murmurs in the region of the sternum in such patients. It is interesting to note that in the present patient the murmurs were at times to-and-fro and at other times continuous ill character. The continuous murmur in cardioaortic fistula may be due to the passage of blood through the fistula from the aorta throughout the cardiac cycle but Falholt whom the left pulmonary-artery blood pressure was 60 /23 the pulmonary-artery blood pressure was normal when recorded following her first attack of endocarditis a year before death.
Histology of Pulmonary Vessels
The hemodynamic changes with this anomaly are similar to those occurring with patent ductus arteriosus. The pulmonary-artery blood pressure in the present case was normal one year before death and, since Heath and Whitakerl2 found that the pulmonary arterioles were normal in eight patients with patent ductus arteriosus with pulmonary artery mean blood pressures of 33 mm. Hg or less, it is believed that the pulmonary arterioles in this case would have been normal with no media if they had been examined at this time. However, after death they were abnormal, with a thick media and thick elastic membranes suggesting that the patient had developed pulmonary hypertension in the year following cardiac catheterization ( fig. 5) . If the cardioaortic fistula formed during the first attack of bacterial endocarditis, the resultant hemodynamic changes could account for the subsequent development of pulmonary hypertension and the rapid enlargement of the left ventricle. SUMMARY A description is given of a patient with cardioaortic fistula which was diagnosed in life and treated surgically.
The patient was asymptomatic until an attack of subacute bacterial endocarditis at the age of 17 and evidence is presented which suggests that the cardioaortic fistula developed from the rupture of a congenital aortic sinus aneurysm at this time. On clinical examination after the first attack of endocarditis there was a high pulse pressure, a murmur which was at times continuous and at times "to and fro" in character, of maximum intensity in the fourth left intercostal space, and a cardiac impulse suggestive of left ventricular hypertrophy. In the absence of a classical history of rupture of a congenital aneurysm into the right ventricle or auricle the history and examination did not provide the diagnosis which could equally well have seen one of patent ductus arteriosus, aortopulmonary septal defect or aortic stenosis with incompetence.
Electrocardiography and teleradiography were normal. Angiocardiography revealed faint but definite reopacification of the pulmonary arteries. Cardiac catheterization demonstrated a shunt of oxygenated blood into the right ventricle and established the diagnosis.
A second attack of endocarditis occurred a year after the first. In the intervening period cardiac enlargement had occurred. Since the staphylococcus causing the second infection was resistant to antibiotic therapy, an attempt was made to treat the infection surgically. The operative technic for repair of the fistula is described briefly. The patient died 14 days postoperatively from an uncontrolled staphylococcal pyemia. Autopsy findings in the heart and small pulmonary vessels are given. 
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